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SUMMARY 

A low-speed wind-tunnel investigation w a s  made t o  determine the 
effects of location of a delta horizontal tail OIL the longitudinal sta- 
b i l i t y  and control  characteristics of a fuselage and th in  delta wing 
with double s lot ted f laps .  The wing, which was mounted on a high-speed 
fuselage, was  a f lat  plate  with  beveled leading and trailing edges and 
had a maximum thiclmees r a t io  of 0.045, and 600 sweepback  of the  leading 
edge. The characteristics of the model i n  the proximity of a ground 
board were also determined. 

Satisfactory  locations of the delta tail fo r  longitudinal s t a b i l i t y  
of the model w i t h  double s l o t t e d  flap  deflected were generally below the 
w i n g  chord l i ne  extended or a t  positions r e m d  of a t a i l   l eng th  of 1.5 
wing mean aerodynamic chord on the wing chord line extended. These tail 
positions were l m e r  and far ther  t o  the rear than the region  indicated 
i n  previous  investigations  as  satisfactory with flaps  retracted.  

Tail-incidence tests indicated that the delta tall (which was  20 per- 
cent of the w i n g  area), when at the optimum locations for  longitudinal 
s t a b i l i t y ,  would be capable of providing  longitudinal  trim throughout 
the  l if t-coefficient range with the double slotted  f laps  deflected.  

Location of the  delta wing near a ground board w i t h  double s lo t ted  
flap  deflected  generally  increased the lift-curve  slope, lowered the 
drag a t  a given l i f t  coefficient, and resulted ir-an increase of longi- 
tudinal s tabi l i ty  a t  high l i f t  coefficients . However, f o r  some angles 
of attack, ground proximity resulted i n  a loss of l i f t   coe f f i c i en t  at  L 
high flap  deflections. 
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INTRODUCTION 

Recent  investigations by the  Na-t;ional  Advisory  Connnittee  for  Aero- 
nautics  have  indicated  that  the  use  of  double  slotted  flaps on delta- 
wing  airplanes  should  result in considerable  reduction in the angle of 
attack  necessary  to  obtain a given  lift  coefficient  and  produce some 
increase in the maxixnwn lift  coefficient. The primary  purpose  of  these 
investigations  was  the  attainment  of  flap-vane  arrangements  which  pro- 
duced  high  lift  (refs. 1 and 2) and  the  determination  of  the  effect  of 
fuselage  size (ref. 3 ) .  The  investigations  indicated  that  delta-wing 
airplanes  with  double  slotted flaps would  require a longitudinal  trim- 
m i n g  device  to  offset a diving moment  resulting  from  flap  deflection. 
Without  high-lift  flaps, a horizontal  tail  is  generally  not  necessary 
as a stabilizing  device on a delta-wing  airplane  because of the  inherent 
stable pitching-mment characteristics of delta wings. A horizontal 
tail m y ,  however, be desirable  for  longitudinal  trim.  Because  of  the 
large  variations in d m s h  which  exist  behind  delta wings (ref. k ) ,  
the  location  of a horizontal tail behind a delta wing with flaps  might 
be  expected  to be critical. 

The present  report  gives  the  results  of an investigation  to  deter- 
mine  the  effect of location of a delta  horizontal  tail on the  longitu- 
dinal stability  and  control of a delta-wing-fuselage  model  with  one of 
the  better  double-slotted-flap  configurations of reference 2. No tail 
locations  were  investigated  with  flaps  down  that  were  not  found to be 
satisfactory  for  the  flap-retracted  condition in the  investigation  of 
reference 5. The present  investigation also included  the  effects  of a 
ground  board on the  longitudinal  aerodynamic  characteristics. 

COEFFICIENTS AND sy148OLs 

The results  of  the  tests  are  presented as standard NACA coefficients 
of  forces  and moments about  the  stability  axes.  The  positive  directions 
of  forces,  moments,  and  angles &e sham in figure 1. Pitching-moment 
coefficients  are  given  about  the w i n g  25-percent-mean-aerodynamic-chord 
point.  The  coefficients  and  symbols  are  defined as follows: 

CD drag c*.ff icient , D/qS 
c, pitching-moment  coefficient, M/qSE 

L lift , lb 

I 
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drag, l b  

pitching m-nt, ft-lb 

free-stream dynamic pressure, -p , Ib/sq ft 1 2  

w i n g  area, 6-91 sq f t  

wing mean aerodynamic chord, 2.31 ft, - 
S 

w i n g  span, 3.75 ft 

free-stream  VdOcityJ  ft/sec 

mass density of air, slugs/cu ft 

flap  deflectfon measured in a plane perpendicular t o  
hinge line, deg 

vane deflection measured in a plane perpendicular t o  
hinge line, deg 

angle of attack of wing, deg 

loca l  wing chord, f t  

local  wing thickness , f t  

lateral   distance from plane of synmetry measured 
pmallel t o  y-axis, f t  

vertical   location of tail w i t h  respect t o  chord l i ne  
extended, positive when located above chord line extended 

2 distance of tail 0.25c't position back of w i n g  O.25E position 

it incidence of horizontal   ta i l ,  deg 

E downwash angle, de@; 

Subscripts : 

max maximum 

t horizontal tail - 
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MODEL AND APPARATUS 
a 

The model was tested on a single  support strut i n  the. Langley 300 MPH 
7- by lO-foot  tunnel. 

&* 

The 60° delta wing ( f ig .  2(a) and table I)  was  the same as that used 
i n  references 1 t o  3 w i t h  the  exception of rounded tips and an outboard 
location of the flaps . The wing m s  made from a flat  steel plate 518 inch 
thick, with beveled  leading and t ra i l ing  edges. The thickness r a t i o  var ied  
from 0 .Ol5 a t  the root   to  a maximum of 0.045 a t  0.6p/2. The mahogany 
fuselage ( f ig .  2(a)) had the same geometry as that used in   the  unif iea  
Langley wing  program for  supersonic  flight. 

The double -slotted-flap  arangement tested (fig.   2(c) and tables I1 
and 111) was one of the optimum configurations  (ref.  2)  with  regard  to 
l i f t  effectiveness a t  both low and high angles of attack. 

The delta t a i l  tested on the model ( f ig .   2(b))  was constructed of 
l/k-inch sheet a1mninw.n with geometric characteristics similar t o  those 
of the delta wing and had an area equal t o  20 percent of the w i n g  area. 
The t a i l  was located a t  the  different  positions by means of interchange- 
able  fuselage  afterb&y  blocks;  positioning above and below the wing 
chord l ine extended (fig.  2(b)) was accomplished by supporting  the 
t a i l  on 1/2-inch steel ver t ical   s t ruts  (fig. 2(a)) .  

For the  ground-effect tests a l-inch-tQi& board with a rounded 
leading edge was mounted 0.61~ below the center of moments'  of the m o d e l .  
The ground board  extended 72 inches  both ahead of and behind the O.25E 
location. 

TESTS . " 

.. - 

The tests were made at  a aynamic pressure of approximately 25 pounds 
per  square  foot,  corresponding t o  &z1 airspeed of about 100 miles  per hour. 
The Reynolds number for  this  airspeed, based on the mean aerodynamic chord 
(2.31 f t )  was approximately  2.2 x lo6. The. corresponding Mach  number 
was 0.13. Angles of attack ranged frm -15' t o  3 3 O .  Delta-tail locations 
investigated were l.OE, 1.5.5, and 2.0E behind  the O.25e location on the 
wing chord l ine  extended and 0.23 above and O.25c' below the wing chord 
l ine  extended. A t a i l  location 0.75c' above the chord l ine extended a t  a 
t a i l  length of 1 . O E  was also investigated  (fig. 2 ( b ) ) .  

I 
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CORKEZTIONS 

4 

Jet-boundary corrections, obta,ined from methods outlined in ref - 
erence 6 ,  have been applied  to  the  mgle of attack, the drag-coefficient, 
and the pitchhg-mment-coefficient data. No jet-boundary corrections 
have been applied to the ground-board data since  the effects of the side 
walls were estimated t o  be ElmFI.1. Blocking corrections have been applied 
t o  the model according to   the  method of reference 7. A buoyancy correc- 
t ion  has been applied t o  the data t o  account fo r  a longitudinal  static- 
pressure  gradient in  the  tunnel. 

An outline of the figures of data presented in  the  report is as 
follows : 

Effect of flap  deflection, tail off . . . . . . . . . . . . . . . . .  J 
Effect of location of the del ta  tail . . . . . . . . . . . . . . . .  4 
Slrmmn.ry of the  effect  of delta-tail location 
on s t a t i c   l o n g f t u d i d  S h b i l i t Y  . . . . . . . . . . . . . . . . .  5 

Control  effectiveness of the delta tail . . . . . . . . . . . . . . .  6 
Zffective damwash angle f o r  delta t a i l  at  I = 2 . E  

= d z = O  . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
Estimated t a i l  incidence  required ;or trim and 

7 

W e   o f w l  a t 2  = 2 - O E .  . . . . . . . . . . . . . . . . . . . .  8 
Effect of f lap deflection, tail off,  near ground board . . . . . . .  g 
Vmiation of CL with sf, near and away from ground board . . . . . .  10 
Effect of location and incidence of the delta tail 

near ground board . . . . . . . . . . . . . . . . . . . . . . . . .  II 
Effect of flap  deflection.- The lift, drag, and pitching-mcment 

characterist ics  for  the double slotted f lap at  various deflections  (fig. 3) 
were generally s b i l a r  to  the longitudinal a e r o m c  characteristics 
of a double s lo t ted  flap of reference 2 (vane flap unit E, pivot  point X) 
which had the same configuration with the exception of fuselage dimensions 
and spanwise location of the  flap. The increments of l i f t  for   the smaller 
flap  deflections at  low angles of attack w e r e  about the sane fo r  the two 
configurations. However, the maxirmnn l i f t  coefficients and the lift- 
coefficient increments near zero  angle of attack  for  the higher f lap  
deflections of the present  investigation  are somewhat less than the cor- 
responding lift coefficients of the configuration  reported i n  reference 2. 
These lower lift coefficients can be attr ibuted t o  several  sources: more 
outhoard location of the flaps, differences i n  model support, and also 
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differences in fuselage  geometry. A large  part  of  the  effect  is  believed 
to  have  resulted  from  the  more  outboard  location  of  the  present flap as 
canpared  with  the  arrangement  of  the  model  of  reference 2. The more  out- 
board location on the  delta wing places  the  flap in a region  which  is 
known to  have  higher  section-lift-curve  slope  and to stall at lower  angles 
of  attack than the  inboard  sections.  Consequently, it might be expected 
that  the lift effectiveness of the  outboard  flap  would  not hold to as high 
a flap-deflection  angle as the  inboard  flap  and  that  the  gain in maximum 
lift  coefficient  over  that of the  plain wing would be less. 

Results  obtained  with a similar configuration  (unpublished)  showed 
that  extension  of  the  flap span tarard t& wing tip  resulted in an increase 
in lift  coefficients near an angle  of  attack  of Oo for  the  lower  flap 
deflections  but  indicated no gain in maximum lift  coefficients  or lift 
coefficients  near an angle of attack  of 0' for  the  higher  flap  deflections. 

Part of the  reduction in maxirmrm lift  coefficient dght also be 
attributed t o  the  model  support  used.  Unpublished  results  of  another 
investigation  have s h m  that  larger maxirmrm lift  coefficients  are  obtained 
for a sting-type  mounting  (such as that of ref. 2) than for the  strut 
type of mounting of t h e  present  investigation. 

Another  difference  between  the  model of the  present  investigation 
and  that of reference 2 is  the  difference in the  ratio of fuselage diam- 
eter  to  wing-span  ratio (0.195 for  the  present  model  and 0 -095 for  the 
model of ref. 2). The fuselage  effect,  however,  is  believed  to be small 
since  the loss of lift sham in reference 3 for the  larger  fuselages  can 
be attributed mainly to a change In the span of  the flap which  occurred 
when the  fuselage-diameter  wlng-span  ratio  increased. 

.. . 

Effect  of  location  of  the  delta  tail on longitudinal  stability.- 
Satisfactory  locations  of  the  delta  tail  for  longitudinal  stability  of 
the  model  with  double  slotted  flaps  deflected 52O were  generally at posi- 
tions  rearward on the wing chord line extended  or  below  the  wing  chord 
line  extended  (figs. 4 and 5). Location  of  the  delta  tail  forward and 
above  this  region  resulted in instability and undesirable  nonllnearity 
of the pitching-mment curves. A flap  deflection  of 52' was selected 
for  the  tail-location  investigation  because  previous  (ref. 2) and  present 
(figs. 3 and 10) tests  have  shown  this  flap  angle t o  be one of  the  best 
with  regard  to  lift  effectiveness  at  both low and  high  angles  of  attack. ' 

The  approximate  region  (determined  largely from ref. 5 )  at which . 
location  of  delta  tails  behind  plain  delta wings resulted in nonlinearity 
of  the  pitching-moment  curve  and longitudinal instability  over  part  of 
the  lift-coefficient  ranQe  is  shown in figure 5. Cmrgarison of the flap- 
retracted  unstable  region  with  the  present  data  indicates  that  for satis- 
factory  stability  the  horizontal  tail has to  be  lower and farther to the 
rear,  for  the  flap-deflected  condition  than  for  the  flap-retracted  condition. 
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It has been shown (ref .  5 )  that the  l inear i ty  of the pitching-moment 
curve and the degree of s t ab i l i t y  of a delta-wing model with flaps retracted 
could be at t r ibuted  largely  to   differences  in   the  ra te  of  change  of down- 
wash angle with angle of attack. Changes i n  dynamic pressure a t  the tai l  
were found t o  have a minor effect .  

Surveys of the flow f ie ld  behind d e l t a  w i n g s  by means of tuft grids 
have indicated that deflection of traXling-edge f l a p  produces  a general 
downward displacement of the  vortex system. These fac ts  i n  addition  to 
the  difference in   t a i l - a f f  curves (for the flaps  retracted and deflected) 
account for  the  difference in extent of the  region of unsatisfactory tail 
location. 

The variation of effective darrrwash angle with angle of attack is 
shown in   f igure 7 fo r  the model w i t h  delta tail located at 2 .0E  on the 
wing chord line extended. These effective darnwash angles were  computed 
from t a i l - o f f  and tail-incidence data of figure 6 .  Above an angle of 
attack of ko, these data ahow a reduction of effective damwash angle 
w h i c h  caused the tail located i n  this posi t ion  to  provide a large sta- 
bil iz ing  effect  which overcame the unstable  break of the pitching-moment 
curve of the wing-fuselage  combination above an angle of attack of 4' 
shown in  f igure 3. F-es 3 and 4(a) show a general similarity of the 
pitching-moment curve f o r  the model with high forward tail position t o  
the model with tail off.  This similarity  indicates that this tail loca- 
t i on  behind the delta w i n g  is generally  outside  the  vortex  region behind 
the delta w i n g .  An early  investigation of double Blotted f laps   ( ref .  I) 
which had a different vane than that of the  present  investigation and 
reference 2, did not have an unstable break in   the pitching-mament curve 
a t  the stall with tail off. It therefore may be possible t o  have longi- 
tudinally stable configurations with the tail in a high  forward  position 
or a t  posit ions higher than those  fndicated i n  the  present  fnvestigation 
w i t h  a vane geometry different from the one used here. 

Control effectiveness of the delta tail a t  good locations  for lo&- 
tudinal  stabil i ty.-  When located at one of the better locations f o r  
l o n g i t u d i d  s tabi l i ty  ( 2  = 2.E,  z = 0)  , the del€a tdl w o u l d  probably 
be Gpable of providing longitudi&l trim- through the l i f t -coeff ic ient  
range as indicated by the  tail-incidence data of figure 6. Extrapolation 
of the data t o  more negative  tail-incidence  angles and computation of the 
t a i l  angle of a t tack  (fig. 8) indicates that the required tail deflection 
for t r h  would be considerably below the stall angle of attack of the 
tail. Neutral  longitudinal. s t ab i l i t y   o r  slight instabi l i ty ,  however, would 
probably be present i n  the intermediate l i f t -coeff ic ient  range. For tail 
locations below the wing chord l i ne  extended, a more stable variation 
of it requlred to trim with CL can be expected because of EL more 
stable pitching-mment  curve. The t o  t rFm fo r  this condition  (fig. 8) 

I 

* 
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was  estimated by applying  the same tail  effectiveness  to  the low tail 
position  that was found for  the wing-chord-line-extended position. r 

Effect  of  double-slotted-flap  deflection  near pound board,  tail off . -  
The  data  of  figure 9 indicate  that  location  of  the  model  near a ground 
board  with  the  tail  off  and  the  double  slotted  flap  deflected  generally 
resulted in an increase in longitudinal  stability at the  high  lift  coef- 
ficients,  increased  lift  curve slope, and lower drag at a even lift 
coefficient.  These  results  were  sanewhat  slmilar  to  the  effects of ground 
proximity on other  flaps  and wing plan form (ref. 8). The  change in  lift 
coefficient  at a given  angle  of  attack  caused  by  location of the  model 
gear  the  ground board was  dependent  -upon  the  angle of f1ap:deflection 
(figs. 9 and 10). For some angles  of  attack  and  for  the  highest  flap 
deflection  tested,  ground  proximity  resulted in a loss of lift  coeffi- 
cient.  These  reductions in lift coefficient,  however,  generally  occurred 
for  flap  deflections  which  were  beyond  the  flap-deflection  angle  for 
largest  lift  effectiveness  (about 6f = 52O). 

V 

-. 

" 

Effect  of  location and incidence  of  the delta tail  near ground board.- 
The u8ua.l effects of ground  proximity on an airplane  with a horizontal - 
tail  were  indicated in the  present  investigation.  For  two delta tail 
locations  investigated ( z  = 0 ,and z = -0.255 at 2 = 1.5E) with  the 
double  slotted  flap  deflected 52O, location  near  the ground board resulted - 

in a slight  increase in lift  coefficient at a given angle of attack  and 
an increase in longitudinal  stability  (fig. 11). Figure  U,(b)  indicates 
that  the  configuration ( 2  = L.5E and z = 0) which  had some longitudinal 
instability amy from  the  ground  through part of the  high-lift-coefficient 
range  generally  became  longitudinally  stable  through  the  entire  angle-of- 
attack range near the  ground. In the high angle-of-attack  range,  the sU@t 
gain in lift  coefficients  near  the ground will be nullified' by the  increased 
damload on the  tail  required to trim  out  the  increased dia moments. 

. -  

. -  

* 

With  the tail length  of l.5E and  with  the  tail  effectiveness  indicated 
by  figure =(a), the  tail  tested will probably be unable to provide  longi- 
tudinal trim f o r  the  model  in  the high angle-of-attack  range  near  the  ground. 
However, other  considerations  of  delta-wing  airplanes may also limit  the 
angle-of-attack  range  available  near the ground. For example,  the long 
fuselages  being  considered  for sane airplanes will limit  the  angle of attack 
near the ground  to low values. . -  

CONCLUSIONS 

i 

A low-speed  wind-tunnel  investigation  to  determine the effects  of 
location  of a delta  horizontal tail on the  longitudinal  stability and .I 

control  characteristics  of a fuselage  and a thin  delta wing with double . 
slotted flaps indicated  the  following  conclusions: - . 

I 
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1. Satisfactory  locations of the del ta  tail f o r  longitudinal sta- 
b i l i t y  of the model with double slotted  f lap  deflected were generally 
below the w i n g  chord line extendea o r  a t  positions rearward of a tail 
length of 1.5 wing mean aerodynamic chord on the wing chord line extended. 
These tail positions were la re r  and far ther  t o  the reax than  the  region 
indicated i n  previous  investigations as satisfactory with flaps  retractec.  

2. The delta tail (which w a s  x) percent of the wing  area), when at 
the  optbun  locations for longitudinal  stabil i ty,  would  be capable of 
providing  longitudinal trim throughout the lif t -coeff ic ient  range with 
the double slotted flaps deflected. 

3.  Location of the  delta w i n g  mar a ground board (with double 
slotted  flaps  deflected)  generally  increased  the  lift-curve slope, lowered 
the  drag at a e v e n  l i f t  coefficient, and resulted in an increase of longi- 
tudinal s t ab i l i t y  at high l i f t   coe f f i c i en t s .  A t  high flap deflections  for 
some angles of attack, however, ground proximity resulted i n  a l o s s  of l i f t  
coefficient and s tab i l f ty .  

Langley Aeronautical  Laboratory, 
National Advisory C a m m i t t e e  f o r  Aeronautics, 

Langley Field, Va., A u g u s t  17, 1953. 

. 

. 
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TABU3 I.- PHYSICAL CHARACTERISTICS OF TBE TEST MODEL 

* W h g :  
s p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thickness of  f l a t  plate (maximum thickness 

ra t io ,  0.045), in . . . . . . . . . . . . . . . . . . . . . . .  
Sweep, deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . .  
Trailing-edge  bevel angle, deg . . . . . . . . . . . . . . . . .  
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Leading-edge bevel angle, deg . . . . . . . . .  - . . . . . . . .  

4.00 
2.31 

5/8 
60. 00 
6.93 
2.31 
6.8 
8.0 
0 

vane: 
Span , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.98 
Chord, ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.13 
Chord, percent wlng root Chord . . . . . . . . . . . . . . . . .  3.6 
Chord, percent flap chord . . . . . . . . . . . . . . . . . . .  27.3 

Flap : 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.98 
Chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.46 

I -  Chord. gercent w i n g  root chord . . . . . . . . . . . . . . . . .  13.2 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.03 
Area. percent w i n g  area . . . . . . . . . . . . . . . . . . . . .  14.83 
Trailing-edge  bevel angle. deg . . . . . . . . . . . . . . . . .  8.00 

Horizontal t a i l :  
span.ft  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.79 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 
Thickness of f l a t  plate (maximum t h i c h e s s  

Sweep,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.00 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.39 
kea.  percentwing  area . . . . . . . . . . . . . . . . . . . .  :20 O- 
Mean.aerodynemic dhord. f t  . . . . . . . . . . . . . . . . . . .  I*' 
Leading-edge bevel angle. deg . . . . . . . . . . . . . . . . . .  6.0 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Trailing-edge bevel angle. deg . . . . . . . . . . . . . . . . .  7.3 

ratio.  0.045)~ i n  . . . . . . . . . . . . . . . . . . . . . . .  1/4 

v 
. 
B 



12 - NACA RM L53Hlga 

TABLF: 11.- O R D ~ S  OF TBE ~ I N G  EDGE a~ THE TRAILING-EDGE FLAP 

[U dimensions are in inches 1 

station, Upper surface, 
X Y 

0 -0.15 
.1 

.08 .2 

.01 

-30 .8 
25 .6 
.18 .4 

1.1 31 

m e r  eurface, 
Y I 

-0.15 - .25 
- 9 2 7  -.a , 

- * 3 0  

-.31 
- .31 

" . 

" 

a -  - 



t 

TABLE III" ORDSNATES OF rn VANE 

Station, 
X 

Lower surface, 
Y 

0 
-.067 - .lo5 
- -125 - -139 - .145 - -145 - .I38 - .I25 
"Ogg - .074 
- -055 
"044 
- 039 
-.Oh 
- .050 
- .066 - .a3 - .log 
- -153 

c 

" 

L 

Upper surface, 
Y 

0 
.051 . loo 
.130 
-153 
-175 
,190 
-e 
*a9  
.221 
= a 5  
-205 
.180 
*x53 
*x5 
*075 
0025 - .032 - -083 

- 133 

v 



I x 

1 . 1 t 



. ! 

(a) & t a m  o f  h e l a g e  ~lng.  
Figure 2.- General arrangement of the Xing, fuselage, horizontal tall, 

an8 tail location teated. (All almenslons are in Inches except where 
noted. ) 
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NACA RM L53Hlga 

0 

(a) Horizontal-tall locations tested and 
details of horizontal tai l .  

Figure 2.- Continued. 

... 



3D 

57" 4.10 L21  27O-06 .26 

(c)  Details of double s lot ted flap. The values of x measured f r o m  the 
w i n g  upper l i p  me  posit ive in the upstream  direction and the values 
of z measured from the wing urpper l i p  are  posit ive in a direction 
toward the lower Xing surface (sFmilar t o  the  positive  directions for 
the   s tabi l i ty  axes, f ig .  1) . 

Figure 2. - Concluded. 
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Figure 3.-  Effect of deflection of  the double slotted flap on the 
longitudinal aerodylamic chmacter is t ics   in   pi tch of the  delta- 
wing-fuselage model, t a i l  off; fuselage with 1 .OF afterbody. 
(6f = 0’ configuration with 1.z afterbody. ) 

I 



NACA RM L53Hl9a 

Figure 3 .- Concluded. 
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QJ 

F1 

(a) 2 = I.oF. 

. w e  4.- Effect of location of the  horizontal  delta  tail on the 
longitudinal  aerodynamic  characteristics in pitch of the delta- 
wing--fuselage model  with  double  slotted  flap  deflected 52O. 
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(b) 2 = 1.5F. 

r 

Figure 4. - .Continued. 
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U 

4 

(c) 2 = 2.0c. 
- 

Ffgure 4 .- Continued. 



*D 

. 
Figure 4 .- Concluded. 
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- .25E 

- OE 

- -252 

I 

Figure 5.- Summary of the effect  of location of the  del ta  t a i l  on the 
curve of $ an a function of C!L of the model with double s lot ted 
flap deflected 52O. . . 
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Figure 6.- Effect of incidence of the delta horizontal  tail on the 
longitudinal aerodynamic characteristics in pitch of the model 
with double  slotted  flaps  deflected 52O; 2 = 2.E; and z = 0. 
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NACA RM L53Hl9a 

, Figure 7.- Variation of. the  effective dawnuash angle w T t h  angle of attack 
for the  delta tail a t  2 = 2 .OF and z = 0 on a thb delta wing with 
double slotted flaps deflected 5 2 O .  



NACA RM ~53mga 

0 2 4 .6 .8 1.0 1.2 1.4 /.6 

Figure 8.- Estimated t a i l  incidence required f o r  tr3m and angle of 
attack of t a i l   a t  2 = 2.0F. 

I 
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u b 57 "- 
2 0 .2 4 .6 -8 LO /2 14 li6 L 8  

CL 

Figure 9.- Effect of graund bo& on the aerodynamic  characteristics 
in pitch of the m o d e l  with double slotted flaps deflected, tail 
off (0.25F of model, 0 . 6 ~  above ground board). 
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Figure 9 .- Continued. 
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Figure 9.,& Concluded. 

33 

40 

47 

52 

57 
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Figure 10.- Wfect of ground boar& on the variation of CL with double 
s lot ted f h p  deflection at angles of attack of 00, 6 O ,  Go, and 18O; 
.tail off, fuselage xith 1.W afterbody (O.Pjz of model, 0.61~ above 

! ground board). 
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Figure U.- The effect of ground board on the longitudinal. aerodynamic 
characteristics in pitch of the delta-wing-fuseIAge model with 
double slotted  flaps deflected 32O, tail on. 
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Figure U.- Continued. - 
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(b) Concluded. 

Figure ll.- Concluded. - 
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